Abstract-Selective harmonic elimination pulse-width modulation (SHE-PWM) techniques offer an optimized control V3 approach for a given converter and are therefore suitable for the low switching frequency high-power applications. V Optimization techniques can be successfully used to obtain the solutions of the equations defining the SHE-PWM waveform. In this paper, a seven-level multilevel strategy (MSHE-PWM) 0.0 defined on the line-to-neutral basis and based on a ratio of a t t t r 0 variable number of angles distributed over three levels to be al a2 a3 2 able to calculate the transition points is reported. The technique Fig. 1 . The generalized staircase waveform suitable for multilevel systems provides eighteen switching transitions for every quarter period and related angles of transition between the various voltage levels. in the standard modulation index range. In the overmodulation region, this can be changed in order to increase the gain of the is combined with a programmed method [18] and another modulator which in turn results in a compromised bandwidth. where a criterion based on power equalization between The switching angles as a function of the modulation index are various cascaded connected H-bridge converters is used to reported for the standard as well as the overmodulation range. obtain the angles of the harmonic elimination method [19]. defined for five-levels as shown in Fig. 2 . This method did
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Abstract-Selective harmonic elimination pulse-width modulation (SHE-PWM) techniques offer an optimized control V3 approach for a given converter and are therefore suitable for the low switching frequency high-power applications. V Optimization techniques can be successfully used to obtain the solutions of the equations defining the SHE-PWM waveform. In this paper, a seven-level multilevel strategy (MSHE-PWM) 0.0 defined on the line-to-neutral basis and based on a ratio of a t t t r 0 variable number of angles distributed over three levels to be al a2 a3 2 able to calculate the transition points is reported. The technique Fig. 1 . The generalized staircase waveform suitable for multilevel systems provides eighteen switching transitions for every quarter period and related angles of transition between the various voltage levels. in the standard modulation index range. In the overmodulation region, this can be changed in order to increase the gain of the is combined with a programmed method [18] and another modulator which in turn results in a compromised bandwidth. where a criterion based on power equalization between The switching angles as a function of the modulation index are various cascaded connected H-bridge converters is used to reported for the standard as well as the overmodulation range. obtain the angles of the harmonic elimination method [19] . Selective harmonic elimination pulse-width modulation multiple switching angles in order to establish a PWM (SHE-PWM) techniques have been extensively studied for a waveform (Fig. 2) . The switching angles were reported and two-level, three-level and recently for multilevel converters the comparison of the MSHE-PWM technique against the [1] - [20] . There have been many approaches to the well-know sinusoidal PWM employing phase-shifted SHE-PWM problem reported in the technical literature carriers confirmed the superiority of the former.
including: sequential homotopy-based computation [6] The objective ofthis paper is to report switching angles for resultants theory [7] (Fig. 3) . Solutions for the switching angles for the entire minimization technique is employed along with a biased range of modulation indices, i.e. standard and optimization search method to get the multiple sets as overmodulation are reported in the paper and verified to predicted in [6] .
confirm the effectiveness of the proposed strategy. These methods were extended in multilevel systems where The paper is organized as follows. Section II presents in the staircase waveform was used to find the angles and per detail the proposed seven-level MSHE-PWM. Switching unit values in order to minimize a number of harmonics and angles as a function of the modulation indices are reported. synthesize multilevel waveforms [13] . Such a waveform is The standard modulation index range and the shown in Fig. 1 1] nfe to the waveform shown in Fig. 3 and represents the line-toapprachwaspreentd i [1] . Mre ecetly th us of neutral waveform of the converter. for a distribution ratio of 5/7/6 (zj=5, z2=7, z3=6, N=z1+z2+z3=18).
The minimization technique proposed in [8] has been applied and software is used to investigate the method [21] . consider P=7. Let N be the number of switching transitions For this paper N=1 8. However, this number and the various (angles) of the waveform sought within the quarter of the ratios can be changed as desired and the proposed method period of the waveform. Let zi be the switching angles would provide the respective solutions provided they exist. equation (4) The idea here is the classic SHTE method that tries to find
In order to increase the modulation index further, a switching angles in order to eliminate a number of harmonics pulse-dropping approach can be adopted and the same and control simultaneously the fundamental component. The method [8] can be used to obtain the switching angles. In this challenge of the proposed method is that for the first time paper, a number of variations are investigated and reported.
such method is applied to a seven-level multilevel PWM The respective switching angles are presented in Fig. 5 . The waveform (Fig. 3) . The typical half-wave and quarter wave results are summarized in Table 2 . The number of harmonics symmetries are followed for the waveform, i.e., simply when controlled in the overmodulation region is dropped and N the switching angles for all modulation indices are obtained .00
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